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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface treatment method 
of arc discharge plasma capable of treating only an objective region 2 
on a substrate and complying with an enlarged treatment area with a ^ ^ r> 
simple means. 

SOLUTION: In a method in which gas 2 for discharge and for 
treatment is supplied between two electrodes 1 to impress DC voltage, 
a surface treatment is conducted using the plasma with arc discharge 
generated between electrodes, the surface treatment is conducted by 
a method in which a plasma generating source is moved for a fixed 
substrate 3 or a method in which the plasma generating source is 
fixed and a substrate side is moved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The surface-treatment approach by the DC arc discharge plasma characterized by to carry out surface 
treatment with the method to which it is the approach of carrying out surface treatment using the plasma by the arc 
discharge generated in this inter-electrode ones by supplying the object for discharge, and the gas for processing to 
inter-electrode [ two ], and impressing direct current voltage, and said plasma generation source is moved to the fixed 
substrate, or the method to which said plasma generation source is fixed to and a substrate side is moved. 
[Claim 2] The surface treatment approach by the DC arc discharge plasma according to claim 1 characterized by 
installing two or more said plasma generation sources, and carrying out surface treatment. 

[Claim 3] The surface treatment approach by the DC arc discharge plasma according to claim 1 or 2 characterized by 
moving said plasma generation source or substrate by program control. 

[Claim 4] Claim 1 characterized by carrying out surface treatment of the field of arbitration by changing the relative 
position of said substrate and plasma generation source, or choosing and energizing either among two or more plasma 
generation sources thru/or the surface treatment approach according to the DC arc discharge plasma given in any 1 term 
among 3. 

[Claim 5] It TEGa(s). as said object for discharge, and the gas for processing - SiH4, SiC14, and SI2 - C16, CH4, and 
C3H8 - Claim 1 characterized by using gas, such as TiC14, NH3, N2, BF3, 02, CF4, C2F6, Cu (DPM)2 and PH3, 
C3F8, C4F8, and F2, NF3, Ar, helium, thru/or the surface treatment approach according to the DC arc discharge 
plasma given in any 1 term among 4. 



[Translation done.] 



http://ww4.ipdl.inpit.go .jp/^ 7/20/2007 



JP,2000- 109979, A [DETAILED DESCRIPTION] 



Page 1 of 4 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the solid-state surface treatment technique in which the plasma was 
used, and relates to the approach of carrying out surface treatment by the arc discharge plasma by impressing direct 
current voltage to inter-electrode [ two ] in more detail. 
[0002] 

[Description of the Prior Art] Conventionally, the approach (plasma-CVD method) by the plasma using the RF glow 
discharge of an parallel monotonous mold as solid-state surface treatment techniques (a high speed, a continuation 
manufacturing technology, etc. of a large area amorphous-silicon solar cell) using the plasma is adopted. As that outline 
is shown in drawing 9 , this approach between the electrode 12 of the parallel monotonous mold of the pair which 
carried out opposite installation mutually into the container 1 1 in which evacuation is possible, and 13 By supplying 
mixed gas with the gas for processing, and other gas, impressing high-frequency voltage to this inter-electrode one with 
a power source 15, and making inter-electrode into the plasma state It is the technique of decomposing a part of gas, 
making a decomposition product acting on the substrate 16 attached in one electrode 13, and acquiring effectiveness, 
such as thin film deposition, etching, and surface treatment. In addition, 14 is an adjustment machine for taking 
adjustment of the impedance of a power source 15, and the impedance of the electrodes 12 and 13 of the parallel 
monotonous mold accompanied by the plasma. As a frequency of high-frequency voltage, 13.56MHz is used widely. 
[0003] Three points indicated below are gained as a description of the solid-state surface treatment technique using the 
above-mentioned plasma. 

** Large-area-izing of processing area is easily possible by enlarging area of the electrode of an parallel monotonous 
mold. 

** Don't be dependent on the conductivity of a substrate or a deposit by the RF to discharge not being maintained in 
direct current discharge, when a substrate and a deposit are insulating materials. 

** Processing quality may improve by making the frequency of high-frequency voltage into a RF more, or making it a 
pulse (for example, in being an amorphous-silicon solar cell, photoelectric conversion efficiency improves). 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the plasma-CVD method by the above-mentioned 
conventional RF glow discharge, when large area-ization of processing area was advanced, it became the same as the 
wavelength of the RF which die length of one side of an electrode uses, and the ununiformity occurred in the electric- 
field distribution in an electrode surface, uniform processing became impossible, and there was a problem that the same 
quality as the case of small area was not securable. When the higher frequency and higher pulse which can be improved 
in quality were used especially for this problem, it became remarkable, and there was a limitation in increase-ization of 
processing area. 

[0005] This invention was made in order to solve the problem in large area-izing of the plasma CVD method by the RF 
glow discharge of such a conventional parallel monotonous mold, and when it can process only to the field made into 
the purpose on a substrate, it tends to propose the surface treatment approach by the DC arc discharge plasma which 
can fully respond also to large area-ization of processing area with a simple means. 
[0006] 

[Means for Solving the Problem] The surface treatment approach by the DC arc discharge plasma concerning this 
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invention It is a method using the plasma by the arc discharge generated in inter-electrode by impressing direct current 
voltage to inter-electrode [ two ]. The summary is the approach of carrying out surface treatment using the plasma by 
the arc discharge generated in this inter-electrode one by supplying the object for discharge, and the gas for processing 
to inter-electrode [ two ], and impressing direct current voltage. It is characterized by carrying out surface treatment 
with the method to which said plasma generation source is moved to the fixed substrate, or the method to which said 
plasma generation source is fixed to and a substrate side is moved. Moreover, install two or more said plasma 
generation sources, and they carry out surface treatment, move said plasma generation source or substrate by program 
control, the relative position of said substrate and plasma generation source is changed, or either is chosen and 
energized among two or more plasma generation sources, in addition, as said object for discharge, and gas for 
processing SiH4, SiC14, and Si2 - gas, such as C16, CH4, C3H8, TEGa, TiC14, NH3, N2, BF3, 02 and CF4, C2F6, B- 
2s H6, Cu (DPM)2, and PH3, C3F8, C4F8, and F2, NF3, Ar, helium, can be used. 

[0007] As for the electrode structure in this invention, it is desirable to use a hollow cylinder and its medial axis as an 
electrode, respectively, and the cylinder diameter has 1 desirablecm or less. It is ****** about an operation of thin film 
deposition, etching, surface treatment, etc. to the substrate which the plasma by arc discharge occurs in inter-electrode, 
the gas for processing is decomposed, and that decomposition product blows off from a cylindrical opening edge, and 
counters with an opening edge by impressing direct current voltage between this conductive hollow cylinder and its 
medial axis, and introducing mixed gas with the gas for processing, or other gas in a cylinder. Moreover, although 
discharge is not maintained in the direct current discharge of an parallel monotonous mold as a substrate is insulation, 
the electrode has been independent to the substrate processed in this invention, and there is no conductivity dependency 
of a substrate. 
[0008] 

[Embodiment of the Invention] The schematic diagram and drawin g 2 which show the basic configuration of the 
surface treatment approach by the DC arc discharge plasma which drawin g 1 requires for this invention are what 
illustrated the electrode structure in this invention method. The schematic diagram showing the electrode with which 
(a) carried out opposite arrangement of an anode plate and the cathode, the schematic diagram showing the electrode 
with which (b) combined cathode and the anode plate of a cylindrical shape, (c) shows the electrode which has 
arranged two or more electrodes of the structure shown in (b), and constituted them. The schematic diagram showing 
the electrode with which (d) consists of cathode and a multistage cylindrical shape anode plate, the schematic diagram 
showing the electrode which (e) has arranged to multistage the electrode which carried out opposite arrangement of an 
anode plate and the cathode, and was constituted, The schematic diagram showing an example [ as opposed to a 
flexible polymer substrate in drawin g 3 ] of the surface treatment approach, The schematic diagram showing an 
example of the approach drawing 4 performs double-width surface treatment on a sheet-like substrate, The schematic 
diagram showing an example of the approach of drawing 5 carrying out spacing arrangement of the electrode of two or 
more arrangement configuration shown in drawing 2 (c), and creating the thin film of three layers continuously, The 
schematic diagram showing an example of the approach drawin g 6 performs surface treatment to the field of the 
arbitration on a substrate, The schematic diagram which illustrated how drawing 7 (a) and (b) create a microcrystal thin 
film on a substrate, respectively, Drawin g 8 is the schematic diagram showing an example of the approach of forming a 
solar battery on a flexible polymer substrate. 1 - an electrode and 1-1 - an anode plate and 1-2 - cathode and 2 - the 
object for discharge and the gas for processing, and 3 - for the diameter of opening of a nozzle, and LI, as for the 
distance at the tip of cathode, and the tip of an anode plate, and 3-1, the distance of a nozzle tip and a substrate and L2 
are [ a substrate and 4 / a field and W / a flexible polymer substrate and 3-2 ] sheet-like substrates. 
[0009] In drawing 1 , if the object for discharge and the gas 2 for processing are supplied to the gap between an anode 
plate 1-1 and cathode 1-2, processing it is decided in the property of the gas for processing that will be the field 4 of a 
substrate 3 will be performed. In this case, the diameter of a field 4 is decided by the distance LI of the diameter W of 
opening of a nozzle, a nozzle tip, and a substrate. Moreover, in case the distance L2 at the tip of cathode and the tip of 
an anode plate controls the effectiveness of heating accompanying the plasma exposure to a field 4, it is changed. If this 
distance L2 is enlarged, the heating effectiveness will be controlled, and the heating effectiveness will be promoted if it 
is made small. That is, if the source of the minute plasma using the direct current as electrode voltage is used, it can 
process to the field made into the purpose on a substrate. 

[0010] Next, drawing 2 (a) is the example which carried out horizontal arrangement of the electrode, and the high 
voltage is impressed to the electrode 1 which carried out opposite arrangement and constituted an anode plate 1-1 and 
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cathode 1-2. Surface treatment of only the plasma exposure section on a substrate 3 can be performed by passing Ar 
gas from end face of the one of the two in the gap between an anode plate 1-1 and cathode 1-2, making it the plasma 
state, and already irradiating chemical species [ labile / in the plasma ] from the nozzle of one of the two's end face at a 
substrate 3. (b) is the example which carried out vertical arrangement of the electrode, and impresses the high voltage 
to anode plate 1-T of cathode 1-2 and a hollow cylinder form. In the gap of cathode 1-2 and anode plate 1-1' of a 
hollow cylinder form, pass CF4, C3F8, C2F6, C4F8, F2, and NF3 grade, and it is made the plasma state in it. By 
irradiating labile chemical species for example, on the Si substrate 3 from the outlet of a hollow cylinder, only the 
plasma exposure section on the Si base 3 can be etched, moreover, the substrate 3 top which counters by putting two or 
more electrodes 1 in a row to a single tier, and using 02 as discharge gas as shown in (c) — a line — it can process. 
Furthermore, when the electrode 1 which consists of cathode 1-2 and multistage hollow cylinder form anode plate 1-T 
as shown in (d) is used, or when the electrode 1 which carried out opposite arrangement of an anode plate 1-1 and the 
cathode (1-2) as shown in (e) is arranged and constituted in multistage By controlling the bias voltage of each stage, 
control which is extent by which the plasma is direct made substrate 3 front face which processes by controlling the 
configuration of the plasma emitted from an outlet can be performed. 

[001 1] Drawing 3 can carry out surface treatment of the front face of the flexible polymer substrate 3-1 wound around 
the roll continuously covering predetermined width of face by irradiating Ar plasma using the electrode 1 of the 
structure shown in drawin g 2 (c) to the flexible polymer substrate 3-1 conveyed with Roll R. 
[0012] Drawing 4 is what illustrated the approach of following the sheet-like substrate 3-2 and performing surface 
treatment, such as thin film deposition, and it can perform surface treatment, such as thin film deposition, continuously 
by installing an electrode 1 above a substrate 3-2 in this case at a single tier, and moving a substrate 3-2 in said 
electrode train and the right-angled direction, without being disrupted on this substrate 3-2. In this case, since electron 
density of an electrode 1 can be made into the high density plasma from the conventional source of the parallel 
monotonous mold plasma, high processing speed is obtained. Furthermore, although an ununiformity will arise within a 
train under the effect of wavelength in the source of the plasma using the conventional RF if the die length of the single 
tier of an electrode becomes long, the effect does not exist at this invention using direct current discharge. 
[0013] Drawing 5 is what illustrated the approach of forming multilayers above the flexible polymer substrate 3-1 
conveyed with Roll R. In this case, keep spacing of a request of the electrode 1 installed in the single tier shown in 
drawing 4 side by side in the conveyance direction, for example, three trains are installed. Membranes can be 
continuously formed by generating the plasma which used the SiH4/SiH4/PH3 mixture-of-gas, SiH4, and B-2H6 
mixture of gas for each electrode train, without disrupting Si diaphragm structure, p mold, i mold, and n mold, of three 
layers. 

[0014] Drawing 6 is what illustrated the art of the arbitration configuration field by the single electrode, and an 
electrode 1 and a substrate 3 are movable in the cross direction, the die-length direction, and the height direction by the 
horizontal migration device and the vertical migration device respectively. Therefore, in the case of this method, 
surface treatment can be performed to the field of the arbitration on a substrate 3 according to the horizontal migration 
device of an electrode 1 and a substrate 3. Moreover, if it is extent of surface preparation, i.e., a thin film, and is etching 
about the rate of sedimentation or thickness, an etching rate or the etching depth is controllable by the vertical 
.migration device of an electrode 1 and a substrate 3. The electrode and substrate in this approach are moved by 
program control. 

[0015] Drawing 7 (a) and (b) are the approaches of introducing reactant gas SiH4 or SiF4 to discharge gas H2, and the 
shape of an atom H generated in the plasma decomposing reactant gas using the electrode shown in drawin g 2 (a) and 
(b), and making a microcrystal Si thin film depositing on sheet-like 2 [ substrate 3-] at low temperature 300 degrees C 
or less by contribution of a lot of H radicals, respectively. According to this approach, the volume of the polycrystalline 
silicon thin film can be carried out by using the substrate temperature of 400 degrees C or more. Moreover, the large 
area membrane formation of the polycrystalline silicon thin film can be continuously carried out on a flexible polymer 
substrate by using a continuation membrane formation method using the flexible polymer substrate which has the 
super-thermal resistance of 400 degrees C or more. 

[0016] Moreover, as shown in drawin g 8 , by adding a lamination process, on the flexible polymer substrate 3-1, a 
metal-electrode formation fault is efficient and a transparent electrode formation fault can form a polycrystal silicon 
solar cell at the continuation deposition of p layers, i layers, and n layers using the polycrystalline silicon to the above- 
mentioned flexible polymer substrate 3-1 top. 
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[0017] In addition, it is possible to perform processing indicated below. 

(1) Use TiC14, N2, and NH3 for the source of the plasma as gas, and perform TiN coating for the source of the plasma 
itself, and the object to irradiate to the object of an arbitration configuration X, Y, and by carrying out X five axis 
control by computer control. 

(2) Carry out extensive processing of the diamond coating continuously by using CH4 of H2 dilution as gas to many 
cutting cutting tools who arranged on the tray. 

(3) Form the high printed circuit board of adhesion by the large area, the high speed, and continuation by arranging an 
electrode two trains, establishing the source of the plasma of Ar or helium in the front row, raising the adhesion on the 
front face of a substrate, and establishing the copper thin film formation plasma which used Cu content gas raw 
material of Cu(DPM)2 grade for the back row as a raw material. 

(4) N atom generated in high density N2 plasma by turns in the electrode and the cylinder in the air by passing TEGa to 
a hollow cylinder and passing N2 in a sink and a discharge cylinder in a bundle in the shape of a cylinder reacts with 
TEGa, and form GaN on a substrate. Moreover, since atmospheric-pressure discharge is possible, it is expected that 
growth speed will be early and bulk growth is also predicted to be possible. 

In (5) and (4), SiC is grown up on a substrate by using all as a discharge cylinder and bundling the cylinder using Si 
content gas of SiC14 and Si2C16 grade, and C content gas of CH4 or C3H8 grade as discharge gas in the shape of a 
cylinder by turns. 
[0018] 

[Effect of the Invention] By having used the plasma by the arc discharge generated in inter-electrode by impressing 
direct current voltage to inter-electrode [ two ] according to this invention, as explained above High processing speed is 
obtained by improvement in electron density compared with the direct-current-discharge method of the conventional 
parallel monotonous mold, and in being thin film deposition Since the deposition speed of a membrane formation 
element improves relatively to the speed which the impurity in the container which forms membranes mixes into the 
film, the impurity consistency within the thin film finally obtained is reduced, and upgrading is measured. Furthermore, 
while being able to perform large area-ized processing easily by putting many cylindrical shape electrodes in order 
continuously, large area membrane formation of high quality is securable. Moreover, if a RF is used and said cylinder 
queue length will approach wavelength, that effect is avoidable also at this time, by having used the direct current to the 
same effect as an parallel plate appearing. Moreover, by this invention method, thin film deposition is attained to the 
field of arbitration by changing the relative position of a substrate and a nozzle to large-area-izing and coincidence, or 
turning on a nozzle and carrying out OFF control. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing the basic configuration of the surface treatment approach by the DC 
arc discharge plasma concerning this invention. 

[Drawing 2] The schematic diagram showing the electrode with which it is what illustrated the electrode structure in 
this invention method, and (a) carried out opposite arrangement of an anode plate and the cathode, The schematic 
diagram showing the electrode with which (b) combined cathode and the anode plate of a cylindrical shape, the 
schematic diagram showing the electrode which (c) has arranged two or more electrodes of the structure shown in (b), 
and was constituted, They are the schematic diagram showing the electrode with which (d) consists of cathode and a 
multistage cylindrical shape anode plate, and the schematic diagram showing the electrode which (e) has arranged to 
multistage the electrode which carried out opposite arrangement of an anode plate and the cathode, and was constituted. 

[Drawin g 3] It is the schematic diagram showing an example of the surface treatment approach to a flexible polymer 
substrate. 

[Drawing 4] It is the schematic diagram showing an example of an approach which performs double-width surface 
treatment on a sheet-like substrate. 

[Drawing 5] It is the schematic diagram showing an example of the approach of carrying out spacing arrangement of 
the electrode of two or more arrangement configuration shown in drawing 2 (c), and creating the thin film of three 
layers continuously. 

[Drawing 6] It is the schematic diagram showing an example of an approach which performs surface treatment to the 
field of the arbitration on a substrate. 

[Drawing 7] It is what illustrated the approach of creating a microcrystal thin film on a substrate, and a schematic 
diagram when (a) uses the electrode shown in drawing 2 (a), and (b) are the schematic diagrams at the time of using the 
electrode shown in drawin g 2 (b). 

[Drawing 8] It is the schematic diagram showing an example of the approach of forming a solar battery on a flexible 
polymer substrate. 

[Drawing 9] It is the schematic diagram showing the conventional approach (plasma-CVD method) by the plasma 
using the RF glow discharge of an parallel monotonous mold. 
[Description of Notations] 

1 Electrode 

1-1 Anode Plate 
. 1-2 Cathode 

2 Object for Discharge, and Gas for Processing 

3 Substrate 

4 Field . 

W The diameter of opening of a nozzle 

LI Distance of a nozzle tip and a substrate 

L2 Distance at the tip of cathode, and the tip of an anode plate 

3-1 Flexible Polymer Substrate 

3-2 Sheet-like Substrate 
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